Dedifferentiated chondrosarcomas, which are known for their poor prognosis, are characterized by conventional chondrosarcoma with high-grade anaplastic components. Activating mutations in ras genes are a common genetic abnormality in human malignancies. The presence of point mutations at codons 12 and 13 of the H-ras gene was studied in 20 formalin-fixed paraffin-embedded chondrosarcomas, comprising 11 cases of conventional chondrosarcoma (six Grade 1 cases and five Grade 2 cases) and nine cases of dedifferentiated chondrosarcoma, using polymerase chain reactionrestriction fragment length polymorphism and direct sequencing analysis. H-ras mutations were only seen in two out of the nine cases of dedifferentiated chondrosarcoma (2/9, 22%) and they were not seen in any of the cases of conventional chondrosarcoma (0/11, 0%). Dedifferentiated chondrosarcomas had a worse prognosis than conventional chondrosarcomas (P < .01); among the patients with dedifferentiated chondrosarcomas, those with H-ras mutation (n ‫؍‬ 2) tended to have a worse prognosis than those without (n ‫؍‬ 7), although the difference was not statistically significant (P ‫؍‬ 0.068). Our results would seem to suggest that H-ras mutation may occur during the course of dedifferentiation and may also have some effect on malignant potential.
Dedifferentiated chondrosarcoma is a unique phenotype of chondrosarcoma, which was first described by Dahlin and Beabout in 1971 (1) . Histologically, it is characterized by the coexistence of low-to intermediate-grade chondrosarcoma and high-grade pleomorphic sarcoma that shows the features of malignant fibrous histiocytoma (MFH), osteosarcoma and fibrosarcoma. This type of chondrosarcoma comprises approximately 10% of all chondrosarcomas (2) and shows an increased growth rate and rapid metastatic spread in comparison with ordinary chondrosarcomas (3) . In other bone tumors, the phenomenon of dedifferentiation has been reported in low-grade osteosarcoma (4, 5) , chordoma (6) and giant cell tumor (7) .
Single-point mutations of the ras genes (K-ras, H-ras, and N-ras) usually at codons 12, 13 and 61 result in a single amino acid substitution in critical domains and this substitution has a significant role to play in tumor development by rendering the proteins no longer dependent on GTPase-activating protein regulation (8) . Frequent ras mutations have been reported in a number of human cancers, including adenocarcinoma of the pancreas (90%), colon (50%), thyroid (50%), and lung (30%) (9) . The H-ras gene is commonly activated in human urinary tract tumors (10) . As for sarcomas, H-ras mutations have been reported in MFH, leiomyosarcoma, and rhabdomyosarcoma (11) (12) (13) (14) ; however, H-ras mutations have not been reported in chondrosarcomas. Moreover, H-ras mutations were not detected in two previous series of chondrosarcoma (15, 16) , and the contribution of H-ras mutation to dedifferentiation has not been fully examined.
In the present study, we searched for H-ras mutations at codons 12 and 13 in a series of chondro-sarcomas (conventional chondrosarcoma and dedifferentiated chondrosarcoma) to clarify whether or not H-ras mutations were present in these tumors.
MATERIALS AND METHODS

Specimens
Formalin-fixed paraffin-embedded tissue blocks from a total of 20 cases of chondrosarcoma comprising 11 cases of conventional chondrosarcoma and nine cases of dedifferentiated chondrosarcoma were used in this study, with the specimens being decalcified when needed. All the cases were collected from the histopathology files at our institute. The histologic grading was performed according to Evans et al. (17) . The 11 cases of conventional chondrosarcoma comprised six Grade 1 and five Grade 2 cases. In the nine cases of dedifferentiated chondrosarcoma, there were four Grade 1 and five Grade 2 cartilaginous components. The high-grade anaplastic components of dedifferentiated chondrosarcoma demonstrated the features of MFH (eight cases) and osteosarcoma (one case).
Formalin-Fixed Paraffin-Embedded Tissue DNA Extraction DNA was extracted from a 50-m paraffinembedded tissue section as follows. Paraffin was removed with xylene and then the sample was washed twice with 100% ethanol and subsequently dried. The tissue was suspended in digestion buffer (100 mM sodium chloride, 10 mM Tris-hydrochloric acid, 25 mM ethylenediaminetetraacetic acid and 0.5% sodium dodecyl sulfate) containing 10 g proteinase K, before being incubated overnight at 55°C. DNA, precipitated by adding twice the volume of ethanol, was washed with 70% ethanol, before being resuspended in TE buffer (10 mM Tris, 1 nM ethylenediaminetetraacetic acid) for storage at 4°C.
Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP)
We used the PCR-RFLP procedure to detect H-ras mutations at codons 12 and 13 with strategy primers as reported (18) . Table 1 summarizes the primers used in our study. DNA sequences containing codons 12 and 13 of the H-ras gene were amplified using the primers 5'-GGAGACCCTGTAGGAGGAC-CC-3' and 5'-TCTATAGTGGGGTCGTATTCGTCC-3' for 35 cycles (95°C for 1 min, 59°C for 1 min, and 72°C for 2 min). Then, 5 l of the amplified products that had been diluted 100-fold were reamplified by means of nested PCR using the mutant primers 5'-TGAGGAGCGATGACGGAAT-3' and 5'-ATGGTCAGCGCACTCTTGCCCTC-3' for 30 cycles (92°C for 15 seconds, 55°C for 15 seconds, and 72°C for 30 seconds). Codon 12 mutations could be detected due to a naturally occurring HpaII site (CCGG) that is lost when the mutation occurs. HpaII digests the 71-bp amplified fragment into two fragments (41-bp and 30-bp), thereby revealing the presence of the normal allele, while the mutant allele remains within the undigested 71-bp fragment. This method enables the detection of a mutation at the second and third positions of codon 11 and at the first and second positions of codon 12. With regard to codon 13 mutations, nested primers were used to create a new restriction site for Hph I (GGTGA) by changing a T for an A in the second position of codon 14, thus enabling the detection of any mutation of codon 13 of the H-ras gene. Hph I digests the same 71-bp amplified fragment into two fragments (58-bp and 13-bp), thereby revealing the presence of the normal allele, while the mutant allele remains within the undigested 71-bp fragment. The DNA bands were analyzed by 3% agarose gel electrophoresis, stained with ethidium bromide and then photographed.
Direct Sequencing
After samples of the digested products were obtained from agarose gels and amplified by the same primers used for the nested PCR, the amplified product was purified by Microcon centrifugal filter devices (Millipore, Bedford, Massachusetts). After purification, direct sequencing was carried out by the dideoxy chain termination method using a Perkin Elmer ABI Prism 310 sequence analyzer (Applied Biosystems, Foster City, California). The primers used for direct sequences were the same sense and anti-sense primers used for the nested PCR.
Statistical Analysis
The results of H-ras mutations were compared with clinicopathologic features using the 2 test or Fisher exact test for qualitative data and using the Mann-Whitney U test for quantitative data. The survival estimates were determined by KaplanMeier analysis, and the survival differences were evaluated by the Log-rank test. A P value of less than 0.05 was considered to indicate statistical significance. Table 2 summarizes the clinicopathologic data. The conventional chondrosarcomas (six Grade 1 and five Grade 2 cases) used in this study had developed late in life, at a median age of 54.4 years (range 24 to 78 years). Six cases were male and five were female (M/F: 1.2/1). The bones affected by conventional chondrosarcoma comprised the humerus (four cases), femur (three cases), pelvis (two cases), fibula (one case), and frontal bone (one case) in descending order of frequency. Similarly, the dedifferentiated chondrosarcomas were also seen late in life, at a median age of 51.5 years (range 37 to 85 years). Three cases were male and six were female (M/F: 1/2.0). The bones affected by dedifferentiated chondrosarcoma comprised the femur (five cases), rib (two cases), pelvis (one case), and tibia (one case) in descending order of frequency. The affected ages were not statistically different between the patients with conventional chondrosarcoma and those with dedifferentiated chondrosarcoma.
RESULTS
Clinical Findings
All of the tumors had been excised as an initial treatment. In the case of the tumors developing in long bones, wide resections had been carried out. Dedifferentiated chondrosarcoma had a significantly worse survival rate than conventional chondrosarcoma (P Ͻ .01) (Fig. 1 ).
Histologic Features
Chondrosarcoma has an overall lobulated architecture and the individual lobules were separated by narrow fibrovascular bands (Fig. 2) . Grade 1 chondrosarcoma was cytologically very similar to chondroma; however, tumor cells with mild nuclear atypia and binucleation were occasionally noted (Fig. 3) . Grade 2 chondrosarcoma showed high cellularity, loss of lobular architecture and numerous binucleated cells, and was also associated with myxoid matrix (Fig. 4) .
Dedifferentiated chondrosarcoma was characterized by the coexistence of conventional chondrosarcoma and high-grade anaplastic components (Fig. 5) . The high-grade anaplastic components consisted of atypical spindled and pleomorphic cells arranged in short fascicles or sometimes storiform patterns, resembling the pathologic features of MFH (Fig. 6 ). In one case in particular (CS70), the high-grade anaplastic components showed irregular osteoid formation embedded in cellular prolif- eration of atypical cells, suggesting osteosarcomalike features. Table 2 lists the occurrence of H-ras mutations in chondrosarcomas. Figure 7 shows the representative data. Dedifferentiated chondrosarcoma showed H-ras mutations in two out of the nine cases (22%). These occurred at codon 12 (GGC-to-GCC [Gly-Ala] and GGC-to-AGC [Gly-Ser]). H-ras mutations were not seen in any of the cases of conventional chondrosarcoma (Grade 1 [0/6; 0%] and Grade 2 [0/5; 0%]). Among the dedifferentiated chondrosarcoma cases, the patients with H-ras mutations had a worse survival rate than those without H-ras mutations, although the difference was not statistically significant (P ϭ 0.068) (Fig. 8) .
H-ras Mutations
DISCUSSION
Histologically, dedifferentiated chondrosarcoma shows the coexistence of cartilaginous components and high-grade anaplastic components, suggesting MFH-like features in most cases. In the current study, high-grade anaplastic components showed MFH-like features in eight cases, and the other one case showed osteosarcoma-like features. Dedifferentiated chondrosarcoma has a poor prognosis with high invasive or metastatic potential (3). In our cases, dedifferentiated chondrosarcoma had a significantly worse survival rate than conventional chondrosarcoma (P Ͻ .01). Eight of the nine cases of dedifferentiated chondrosarcoma died of this disease (8/9: 89%), and their survival terms were less than 5 years from the time of diagnosis.
In the present study, we used PCR-RFLP analysis and direct sequencing to detect the presence of H-ras mutations at codons 12 and 13 in our series of chondrosarcoma. This method of PCR-RFLP analysis can detect H-ras mutations without using any radioactive material, and even when the mutations are present in only 5% of the genes, these mutations are still detectable (18) .
As for sarcomas, H-ras mutations have been reported in MFH, leiomyosarcoma and rhabdomyosarcoma (11) (12) (13) (14) . However, to our knowledge, H-ras mutations in chondrosarcoma have not been previously reported. On the contrary, it has been reported that none of six chondrosarcomas demonstrated ras gene mutations (K-ras, H-ras, and N-ras) at codons 12, 13, and 61 (15) , and that neither of two chondrosarcomas showed H-ras mutation at codon 12 (16) . This document would therefore seem to be the first report to verify the presence of H-ras mutation in a series of chondrosarcoma.
Sawyer et al. reported that chromosome aberrations in the region of 6q13-21 were associated with locally aggressive behavior in their cases of benign and malignant cartilaginous tumors including dedifferentiated chondrosarcoma, and that increasing complexity of karyotypes had been seen during tumor progression in chondrosarcoma (19) . Indeed, the 6q13 breakpoint has been reported in two cases of high-grade chondrosarcoma, comprising one Grade 2 chondrosarcoma (20) and one dedifferentiated chondrosarcoma (21) . Overexpression and/or alteration of p53 were demonstrated to be correlated with the histologic grade and the presence of metastasis (22) . Actually, it has also been reported that p53 mutations were predominantly present in higher-grade chondrosarcomas or dedifferentiated chondrosarcoma (23) (24) (25) .
In the current study, H-ras mutations were seen in two out of nine cases of dedifferentiated chondrosarcoma (22%). On the other hand, H-ras mutations were not observed in any of the cases of conventional chondrosarcoma (0/11; 0%) (Grade 1 [0/6] and Grade 2 [0/5]). The patients with dedifferentiated chondrosarcoma who demonstrated H-ras mutation had a worse prognosis than those without H-ras mutation, although the difference was not statistically significant, perhaps due to the small number of cases. It may also be that the deletion of the H-ras allele coincidences with the 2, and 4) , while a mutant case remained undigested (lane 3). X174 was used as the size marker (left). Consequently, direct sequencing was performed on the sample in lane 3. The figure shows the H-ras sense sequence and indicates that the first position of codon 12 of the sense strand was mutated from G to A, this change resulting in the code for serine instead of glycine (right). FIGURE 8. Kaplan-Meier survival curves for dedifferentiated chondrosarcoma according to an occurrence of H-ras mutation; H-ras mutation (Ϫ) versus H-ras mutation (ϩ). Dedifferentiated chondrosarcoma with H-ras mutation tended to have a worse prognosis than that without (P ϭ 0.068).
loss of another gene located within the proximity of the H-ras gene, which is located on the short arm of chromosome 11 (26) . In fact, Bovee et al. detected LOH (loss of heterozygosity) on chromosomes 11 and amplification on 11q in their one case of dedifferentiated chondrosarcoma (27) . The presence of H-ras mutation has been shown to contribute to increased genetic instability (28) , which also is considered to contribute to tumor progression and metastasis (29 -31) . Therefore, the fact the H-ras mutations were found in dedifferentiated chondrosarcomas also lends support to the possibility that this type of chondrosarcoma is associated with genetic instability.
Previous studies demonstrated that the highgrade anaplastic components in dedifferentiated chondrosarcoma had a worse malignant potential compared with the other well-differentiated components, in that high-grade anaplastic components exhibited a strikingly increased proliferation rate as revealed by Ki-67 and proliferating cell nuclear antigen immunohistochemical staining (32), while also showing over-immunoexpression of u-PA (urokinase-type plasminogen activator), t-PA (tissue plasminogen activator), PAI-1 (plasminogen activator inhibitor-1) (33), p53 (32) , and MMP-2 (matrix metalloproteinase-2) and MT1-MMP (membrane type-1 matrix metalloproteinase) (34) .
The mechanism of dedifferentiation is controversial as to whether the cartilaginous and high-grade anaplastic components are both derived from a common precursor cell (35), since Johnson et al. surmised that these clones of dedifferentiated sarcoma are unstable and may eventually fail to reach the same level of differentiation, resulting in aggressive additional components (36) , or whether the high-grade anaplastic components are in fact derived from a separate genotypic lineage (37, 38) . Bovee et al. showed the same p53 mutation and deletion of the same copies of chromosome 13 using CGH (comparative genomic hybridization) and LOH analysis in both cartilaginous and high-grade anaplastic components in dedifferentiated chondrosarcoma. Accordingly, they surmised that the shared components are monoclonal in origin and that these alterations occurred before the separation into two components in dedifferentiated chondrosarcoma (27) .
The importance of H-ras mutations in dedifferentiation is unknown, because the incidence of H-ras mutations in dedifferentiated chondrosarcoma is low, which would thereby suggest that it is not critical for dedifferentiation. For further consideration of H-ras mutation in dedifferentiated chondrosarcoma, it would be appropriate to analyze the two components of dedifferentiated chondrosarcoma independently using a microdissection method.
In the present study, we examined the occurrence of H-ras mutations in a series of chondrosarcoma. We were able to detect H-ras mutations only in dedifferentiated chondrosarcoma, and not in conventional chondrosarcoma. Moreover, among the dedifferentiated chondrosarcoma cases, those cases with H-ras mutation had a worse prognosis compared with the cases without H-ras mutation, although the difference was not statistically significant. Our results would seem to suggest that the presence of H-ras mutations may be associated with malignant potential in dedifferentiated chondrosarcoma, while actually occurring during the dedifferentiation process itself.
